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Abstract  Slip-weakening is one of the characteristics of faulted rock material under a certain loading condition. 
Non-uniform rock structure may exist in the vicinity of the slip surface in a rock slope. Some portions of the slip 
surface may be mutually penetrated but the others may not. For the latter case，the cracks or the fault surfaces will 
undergo shear deformation before a successive surface forms under certain loadings. As the slipped portion 
advances，slip-weakening occurs over a distance behind the crack tip. In the weakening zone，the shear strength 
will decrease from its peak value to residual friction level. The stress will redistribute along the crack surface. 
Therefore the changed local stress concentration will cause the crack to extend and the ratio of penetration of the 
slip surface will increase. From the large-scale view of the whole slip surface，the shear strength will decrease due 
to the damage of the interior rock structure，and the faulted rock behaves as a softening material. Such a kind of 
mechanism happens in many practical landslides subjected to strong earthquakes. It should be noted that this 
mechanism is different from that of the breakage of structural clay，in which the geological material is regarded as 
a medium containing structural lumps and structural bands. The strain-softening property exhibited in the 
structural clay is the result of structure damage (i.e. the disintegration of the soil structure). The softening behavior 
of faulted rock should be regarded as a comprehensive result of the whole complicated process including 
slip-weakening，stress redistribution，crack tip extension and the penetration of slip surfaces. This process is 
accompanied by progressive failure and abrupt structural damage. The size of slip-weakening zone is related to the 
undergoing strain. Therefore，once a landslide is initiated (local or integrated)，the effect of slip-weakening will 
exist in a certain length behind the crack tips until the formation of the whole slip surface even without dynamic 
loading. 
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图 1  含裂隙岩体滑动弱化区域示意图 
Fig.1  Schematic diagram of slip-weakening zone in faulted  
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力重新分配，从而造成应力集中并使原有裂隙扩展
或产生新的微裂隙，整个滑面连通 后导致滑坡。 











= GR              (1) 
式中：G 为剪切模量；ν 为泊松比； *δ 为弱化滑动
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ττ              (3) 
式中：τ 为滑动位移为 u 时的抗剪强度； 2/*c δ=w
为破坏前 大弱化滑动位移；w 为弱化位移，w 的
级数形式为 





   
图 2  花岗岩材料的强度-弱化位移关系 
Fig.2  Shear strength τ versus slip-weakening displacement w  
of a triaxially tested granite specimen  
4  含裂隙坡体的逐步破坏数值模拟 
根据上述分析，作者通过有限差分方法对含裂
隙岩质边坡的破坏过程进行了模拟(FLAC3D程序)。
图 3 为一含裂隙坡体的示意图，坡体坡度为 2∶1， 
岩土体重度为 26 kN/m3，采用理想弹塑性模型，弹
性模量为 2.57 GPa，泊松比为 0.28。除滑动弱化区
外，岩体材料的破坏准则为 Mohr-Coulomb 准则，











图 3  含裂隙的岩质坡体示意图 








图 4  有限差分法计算网格 






包含 4 个网格)的介质采用应变软化材料(图 5)，然
后，计算应变场的分布变化，根据应变较大的部分



































图 5  滑动弱化区域的选取模型 
















(c)                    (d) 
图 6  滑动弱化区域方向的选取 


























图 7  粘聚力随应变的变化 













图 8  内摩擦角随应变的变化 















































1×10－6 1×10－5 1×10－4 1×10－3 0.01
应变 
• 3682 • 

































图 9 含裂隙边坡滑动弱化的逐步破坏过程 
Fig.9  Progressive failure process of a faulted rock slope 
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